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Supplemental Material

Liu et al., http://www.jcb.org/cgi/content/full/jcb.200806074/DC1

Figure S1.  Sequence and binding affinity of zebrafish Cdt1 and geminin. (A) Amino acid sequence of zebrafish Cdt1 and its alignment to 
Cdt1 sequences in other organisms. (B) Amino acid sequence of zebrafish geminin and its alignment to geminin sequences in other organisms. Asterisks 
mark the key amino acids of geminin responsible for Cdt1 binding, which were mutated to alanine in Gem*.
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Figure S2.  Expression pattern geminin and Cdt1. (A) Expression of geminin at the shield stage was not spatially restricted. (B) Expression of gemi-
nin at the 2 somite stage was not spatially restricted. (C) Expression of geminin at the 19 somite stage was detected in the central nervous system, eye fields, 
lateral plate mesoderm, pronephric duct, ventral mesoderm, and posterior somites. (D) Expression of geminin at the 24 hpf stage was detected in the central 
nervous system, eye fields, lateral plate mesoderm, pronephric duct, ventral mesoderm, and median fin fold. (E) Expression of Cdt1 at the shield stage was 
more enriched in the dorsal region of the embryo. (F) Expression of Cdt1 at the 1 somite stage was not spatially restricted. (G) Expression of Cdt1 at the 
17 somite stage was detected in the central nervous system, eye fields, lateral plate mesoderm, pronephric duct, posterior somites, and ventral mesoderm. 
(H) Expression of Cdt1 at the 22 hpf stage was detected in the anterior central nervous sytem, eye fields, lateral plate mesoderm, and ventral mesoderm. 
Bars, 100 µm.

Figure S3.  Specific morpholino against geminin and Cdt1 and binding affinity of Gem* to Cdt1. (A) In vitro transcription/translation in-
dicated that in contrast to the ConMO, GemMO and Cdt1MO specifically inhibit translations of geminin and Cdt1 proteins, respectively. (B) GST pull-down 
assay showed that in contrast to wild-type geminin, the binding affinity of Gem* to Cdt1 was dramatically decreased.
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Figure S4.  Phenotypes caused by GemMO at 36 h after fertilization. (A) ConMO-injected embryo. (B) Strong phenotype (cyclopia or 
synophthalmia) caused by GemMO. (C) Weak phenotype (decreased interoptic distance) caused by GemMO. Red lines mark the interoptic distance. Bar, 
100 µm.

Figure S5.  Statistics of the number of TUNEL-positive cells per embryo. Six embryos of each panel shown in Fig. 3 (A–J) were used for the 
statistics. Error bars indicate the standard error of six individual embryos.
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Table S1.  Random cell tracing in the time-lapse videos of 
ConMO-injected embryos

Cell Time point x y z
D1 1 165 183 12

6 178 173 10
11 188 167 10
16 193 159 10
21 205 146 10
26 216 133 8
31 222 118 8
36 224 114 8
41 234 109 8
46 239 109 8
51 245 109 7
56 250 99 6
61 260 87 5
66 261 89 4
71 260 84 4
76 278 96 5
81 281 84 5
86 268 81 6
91 258 73 6

D2 1 187 186 18
6 195 181 17
11 213 183 15
16 218 180 14
21 210 180 13
26 208 184 11
31 216 177 10
36 221 179 10
41 230 175 9
46 235 178 6
51 226 175 6
56 225 164 6
61 240 165 6
66 246 175 7
71 239 168 6
76 237 169 6
81 242 168 6
86 258 167 3
91 255 165 3

D3 1 164 220 17
6 183 207 14
11 206 207 10
16 214 193 8
21 222 172 7
26 231 163 6
31 238 155 5
36 242 148 5
41 251 148 5
46 260 135 4
51 259 138 1
56 272 136 1
61 276 132 1
66 279 132 0

D4 1 152 153 18
6 163 153 18
11 180 143 17
16 181 126 14
21 181 114 12
26 187 110 13
31 196 108 15
36 204 109 15
41 208 102 15
46 215 95 13
51 221 86 12
56 228 75 10
61 234 68 6

66 239 68 6
71 240 60 6
76 246 56 6
81 249 59 8
86 244 53 10
91 244 44 9

D5 1 122 229 19
6 135 219 18
11 149 216 16
16 161 220 16
21 180 213 14
26 190 215 12
31 199 210 11
36 198 211 10
41 214 208 8
46 230 206 6
51 235 204 5
56 242 194 5
61 251 196 3
66 252 196 2
71 256 190 1
76 266 190 3
81 260 193 2
86 269 186 4
91 276 184 5

E1 1 220 62 19
6 222 73 19
11 226 79 19
16 234 82 19
21 236 86 19
26 241 97 19
31 248 110 19
36 248 119 19
41 254 132 19
46 264 144 19
51 271 151 19
56 274 158 19
61 280 161 19
66 277 169 19
71 278 176 19
76 276 184 19
81 277 185 19
86 282 189 19
91 284 203 19

E2 1 337 191 9
6 348 203 9
11 351 216 9
16 346 230 9
21 343 247 11
26 341 267 11
31 337 285 11
36 335 303 10
41 334 317 9
46 332 341 7
51 336 357 6
56 336 371 5
61 334 384 4
66 332 394 3
71 330 410 2
76 325 428 0
81 314 449 0
86 305 471 0

Five cells from the delamination (D) region as well as two cells from the epiblast 
(E) were randomly selected for cell tracing. The positions of each traced cell were 
recorded every five time points. The decrement of the y value along the time 
point means that the traced cell moves toward the animal pole and vice versa. 
Note that in ConMO-injected embryos, cells in the D region moved toward the 
animal pole in different velocities (reflected by the decreasing velocity of the y 
value), whereas epiblasts moved toward the vegital pole.
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Table S2.  Random cell tracing in the time-lapse videos of 
GemMO-injected embryos

Cell Time point x y z
D1 1 226 318 9

6 225 321 9
11 222 326 9
16 223 334 9
21 222 346 9
26 224 352 9
31 223 359 9
36 229 369 9
41 225 378 9
46 224 384 9
51 224 390 9
56 228 396 9
61 234 409 9
66 237 420 9
71 243 434 9
76 245 443 9
77 244 446 9

D2 1 181 271 9
6 183 276 7
11 186 279 6
16 193 277 6
21 193 279 5
26 200 277 5
31 207 282 5
36 213 286 4
41 219 287 3
46 228 287 1
51 234 282 1
56 239 282 1
61 254 279 0
66 262 283 0
71 266 284 0
76 274 286 0
78 272 283 0

D3 1 197 164 12
6 192 179 12
11 188 182 10
16 185 185 10
21 176 191 8
26 162 199 6
31 147 213 3
36 134 226 1
41 132 244 1
44 125 253 0

D4 1 169 217 7
6 176 217 7
11 187 215 7
16 183 210 7
21 189 208 7
26 196 206 7
31 202 206 7
36 215 209 5
41 226 218 5
46 231 223 6
51 229 222 7
56 243 221 6
61 249 220 5
66 250 224 5
71 260 233 5
76 266 236 5
77 269 237 5

D5 1 199 269 6
6 189 270 5
11 186 262 4
16 179 259 1

21 173 257 0
26 180 260 0
31 172 260 0
36 162 260 0

E1 1 347 251 8
6 349 266 9
11 350 285 10
16 351 303 10
21 349 326 12
26 351 345 13
31 346 364 14
36 346 389 14
41 343 409 14
46 338 425 15
51 328 443 16
56 320 461 16
61 319 478 16
66 318 492 16
71 313 511 16

E2 1 152 240 14
6 135 252 14
11 123 255 12
16 126 257 11
21 117 269 10
26 110 283 8
31 97 302 5
36 89 319 2
41 90 330 0
46 72 342 0

D, delamination; E, epiblast. Note that in contrast to the ConMO-injected 
embryos, traced cells in the D region of GemMO-injected embryos either moved 
toward the vegital pole (cells D1 and D3) or wandered around a certain y level 
(cells D2, D4, and D5).
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Table S3.  Statistics of phenotypes and in situ hybridizations

Figure Stage Probe or antibody Injection or transplantation Positive/total number of embryos

2 B Bud Phenotype GemMO 34/42

2 C 80% epiboly gsc ConMO 14/14

2 D 80% epiboly gsc GemMO 13/19

2 E 80% epiboly gsc Gem mRNA 11/13

2 F 80% epiboly gsc Gem mRNA (low concentration) 10/17

2 G 80% epiboly gsc Cdt1MO 11/16

2 H 80% epiboly gsc Cdt1 mRNA 9/14

5 C Shield Snail1 ConMO 12/13

5 D Shield Snail1 GemMO 17/23

5 E Shield Snail1 Gem mRNA 15/16

5 F Shield Snail1 Gem* mRNA 8/13

5 G Shield Snail1 Cdt1MO 9/13

5 H Shield Snail1 Cdt1 mRNA 10/14

5 I Shield Snail1 MCM5MO 13/19

5 J Shield Snail1 p21MO 16/21

5 K Shield Snail1 Gem mRNA + p53MO 15/22

5 L Shield Snail1 p65MO 11/16

5 M Shield Snail1 Gem mRNA + p65MO 12/18

6 A 60% epiboly Casanova ConMO 12/14

6 B 60% epiboly Casanova GemMO 12/16

6 C 60% epiboly Casanova Gem mRNA 15/18

6 D 60% epiboly Casanova Gem* mRNA 14/16

6 E 60% epiboly Casanova Cdt1MO 10/14

6 F 60% epiboly Casanova Cdt1 mRNA 11/13

6 G 60% epiboly Casanova GemMO + Cdt1MO 10/15

6 H 60% epiboly Casanova MCM5MO 16/20

6 I 60% epiboly Casanova p21MO 13/17

6 J 60% epiboly Casanova Gem mRNA + p53MO 14/20

6 K 60% epiboly Casanova GemMO + Sn1 mRNA 11/15

6 L 60% epiboly Casanova Gem mRNA + p65MO 11/15

6 M Bud ntl ConMO 19/21

6 N Bud ntl GemMO 16/22

6 O Bud ntl Gem mRNA 14/19

6 P Bud ntl Gem mRNA + p53MO 15/20

7 A Bud Otx2 ConMO 15/15

7 B Bud Otx2 GemMO 13/18

7 C Bud Otx2 GemMO + Sn1 mRNA 11/18

7 D Bud Sox2 ConMO 13/14

7 E Bud Sox2 GemMO 13/16

7 F Bud Sox2 GemMO + Sn1 mRNA 11/20

7 K Bud Otx2 Casanova mRNA + ConMO  
→ cas mutant + GemMO 7/8

7 L Bud Otx2 Casanova mRNA + GemMO  
→ cas mutant + GemMO 5/7

7 M Bud Sox2 Casanova mRNA + ConMO  
→ cas mutant + GemMO 6/8

7 N Bud Sox2 Casanova mRNA + GemMO  
→ cas mutant + GemMO 7/8

S4 B 36 hpf Phenotype GemMO 7/48

S4 C 36 hpf Phenotype GemMO 28/48
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Table S4.  Statistics of the cotransplantation assay

Figure Fluorescence Injection Total acceptor  
embryos

Total migrating  
cells

Cells migrating  
to the animal  

pole

Cells with  
delayed  

migration

2 J Green  
Red

ConMO  
GemMO

19 90  
105

78 (87%)  
19 (18%)

12 (13%)  
86 (82%)

2 K Green  
Red

ConMO  
GemMO +  

mrGem mRNA
9 61  

51
55 (90%)  
39 (76%)

6 (10%)  
9 (18% dispersed)  

3 (6% delayed)

2 L Green  
Red

ConMO  
GemMO +  
Gem* mRNA

9 58  
52

50 (86%)  
11 (21%)

8 (14%)  
41 (79%)

2 M Green  
Red

ConMO  
GemMO +  
Cdt1MO

10 67  
70

55 (82%)  
48 (69%)

12 (18%)  
22 (31%)

2 N Green  
Red

ConMO  
Gem mRNA

11 63  
57

54 (86%)  
9 (16%)

9 (14%)  
48 (84% dispersed)

2 O Green  
Red

ConMO  
p21MO

9 56  
63

48 (86%)  
10 (16%)

8 (14%)  
53 (84%)

2 P Green  
Red

ConMO  
Gem mRNA +  

p53MO
12 61  

79
55 (90%)  
63 (80%)

6 (10%)  
5 (6% dispersed)  
11 (14% delayed)

2 Q Green  
Red

ConMO  
GemMO +  
Snail1 mRNA

10 69  
58

54 (78%)  
39 (67%)

15 (22%)  
19 (33%)

Table S5.  Statistics of the recovery of Casanova-expressing cells

Figure Donor injection Acceptor injection Stage
Endoderm-reconstructed  
embryos/total acceptor

7 G Casanova mRNA + ConMO GemMO into cas mutant 90% epiboly 19/101

7 H Casanova mRNA + GemMO GemMO into cas mutant 90% epiboly 18/95

7 I Casanova mRNA + ConMO GemMO into cas mutant 14 somite 2/3

7 J Casanova mRNA + GemMO GemMO into cas mutant 14 somite 3/3
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Video 1.  Live time lapse video within the delamination region (shield) of a ConMO-injected embryo. 
Note that cells within the delamination region delaminated and moved toward both the epiblast layer and the animal 
pole. Red marks an epiblast, and green marks a cell within the delamination region. Yellow lines at the end of the video 
indicate the hypoblast layer (3–4 layers of cells). One frame was collected per minute. Eight frames were displayed per 
second.

Video 2.  Live time lapse video within the delamination region (shield) of a GemMO-injected em-
bryo. Note that although cells in the delamination region still moved toward the epiblast layer in a reduced velocity, 
many of them could not efficiently delaminate, thus moving toward the vegital pole together with the epiblasts. Red marks 
an epiblast, and green marks a cell within the delamination region. Yellow lines at the end of the video indicate the hy-
poblast layer (2–3 layers of cells), which is thinner than that of the control shown in Video 1. One frame was collected 
per minute. Eight frames were displayed per second.


